Numerical analysis is presented for a fluid filled subsurface crack in an elastic half plane loaded by Hertzian contact stresses. The opening volume of the horizontal Griffith crack is fully occupied by an incompressible fluid. In the presence of friction, a moving Hertzian line contact load is applied at the surface of the half plane. The stress intensity factors at the tips of the fluid filled crack are analyzed on condition that the change of the opening crack volume vanishes due to the fluid incompressibility. The method used is that of replacing the crack by a continuous distribution of edge dislocations. As a cycle of rolling can be viewed as shifting the Hertzian contact stresses across the surface of the half plane, the results of this analysis may prove useful in the prediction of rolling fatigue of an elastic rolling body containing a soft inclusion.
INTRODUCTION
During the past years, a wide range of research on rollingcontact-fatigue has been attempted in order to predict and increase the service life of the rolling devices. Keer et al. [1] investigated propagation of subsurface horizontal crack and surface breaking vertical crack under Hertzian loading. Kaneta et al. [2] set up a two-dimensional experiment and proposed three-dimensional analyses to check the crack opening/closure behavior of subsurface cracks during one rolling-sliding cycle. Miller et al. [3] presented an analytical study of the propagation behavior of fatigue cracks due to contact loading in the presence of a near surface inclusion. Bower [4] developed a two-dimensional model of a fluid trapped contact fatigue crack which takes into account the influence of fluid pressure acting on the crack faces.
Replacing an indenter on a cracked half plane with an approximately equivalent distribution of contact stress appears to be a good approximation for engineering applications [5] . When friction is taken into account, a loading cycle of rolling contact can viewed as incrementally shifting the Hertzian contact stress across the free surface of the half plane in a direction opposite to that of rolling. This research is an attempt to provide numerical results for simulating the behavior of a subsurface fluid filled crack during one rolling cycle. In light of the principle of superposition, two separate problems are investigated beforehand. The first problem is to compute the crack volume opened due to the hydrostatic internal fluid pressure acting on its faces. The second problem considers the change of crack opening volume under the application of Hertzian load in the absence of internal fluid pressure. Both of the problems may be solved by means of Copyright ©2005 by ASME 1 September 12-16, 2005, Washington, D.C., USA 
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distributed dislocation technique [6] . Finally, the sum of the volume changes in the above two problems must vanish due to the incompressibility of the fluid.
Figure 2. Modeling crack by distributed dislocations
A crack can be modeled as a continuous distribution of infinitesimal edge dislocations (Fig. 2.) . One may refer to [6] for the detailed treatment of the distributed dislocation technique. However, it is of importance to explore the numerical technique which may simplify the computation of the crack opening volume (COV). Assuming Analysis results of Eqn. (4) show that the COV by the internal fluid pressure is proportional to the magnitude of the hydrostatic pressure. Hence a convenient way of finding solution for the present problem may be proposed as follows:
First, find the initial COV due to the internal fluid pressure when Hertzian load is at infinity. Second, when the Hertzian load moves to a certain position, compute the change of COV in the absence of internal fluid pressure. Since the sum of the volume changes due to the fluid pressure and Hertzian load must vanish, one may readily determine the magnitude of the fluid pressure, taking advantage of the proportional relation mentioned above.
EVALUATION OF THE RESULTS
The results of SIF analyses are obtained for a typical selection of parameters and are shown in Fig. 3 Fig. 3 and 4 show the normalized mode I stress intensity factors at the right and left hand side of the crack tips respectively. The resulting SIF analysis can be further exploited to study the crack propagation with the aid of a growth law such as McEvily and Foreman, used by Miller et al. [3] . 
